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Preface

The National Oceanographic Partnership Program, an organization of Federal
agencies, academic groups, and industry, has formulated a plan for an Integrated
Sustained Ocean Observing System (ISOOS). ISOOS is to be an integrated ocean
observing system that would routinely gather ocean information similar to the
information gathered for atmospheric weather forecasting.

The U.S. currently spends substantial funds on these activities, and ISOOS will
represent a significant incremental investment on the part of the Federal govern-
ment. The soundness of this investment will depend on its expected costs and
benefits. Therefore, it is important to understand a full range of the economic di-
mensions of ISOOS.

Accordingly, Mel Briscoe of the Office of Naval Research and NOAA’s Stan
Wilson asked NOAA'’s Chief Economist to form a Panel of economic experts to
prepare an assessment of the economics of ISOOS by the spring of 2000. The Panel,
whose members have all published studies of the benefits from information systems
similar to ISOOS, was asked to:

¢ identify and assess economic sectors and activities that would benefit from
ISOOS,

¢ review and assess the available published estimates of the benefits from exist-
ing and similar new systems that depend on ocean observations, and

* assess the rationale and justification for public funding for a system like
ISOOS.

A cost-benefit analysis was beyond the scope of our effort, in part because of
time and expense, but also because ISOOS costs are not well defined at this point
and economists are only now beginning to quantify ISOOS benefits.

Instead, the important policy question for the Panel is whether ISOOS should
move forward to authorization and funding based on what we know or can reason-
ably infer from the full range of benefits expected from ISOOS, both quantitative
and qualitative. The Panel’s review concluded that ISOOS benefits will significantly
exceed costs and that the project should move forward. The Panel also concluded
that the network externalities and public-good characteristics of ISOOS argue for
Federal support to achieve the full benefits of the system.
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Special thanks to members of the Panel and in particular to Tom Teisberg and
Hauke Kite-Powell who served as the lead authors. Tom Malone, Worth Nowlin,
and Bob Winokur advised the Panel on scientific and technical aspects of ISOOS.
Jerry Slaff helped with production.

This is an on-going effort to support the policy process by better understanding
the economic dimension of this important national initiative. Comments and sug-
gestions are invited.

Dr. Rodney Weiher
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Executive Summary

The National Oceanographic Partnership Program has formulated a plan for an
integrated Sustained Ocean Observing System (ISOOS), a comprehensive informa-
tion network that will contribute significant benefits throughout the nation. This
report reviews the economic benefits of ISOOS and the rationale for its support by
the Federal government.

IS00S is a Major Shift in Ocean Observation

The United States has been making significant investments in ocean research,
monitoring and forecasting. However, there is little coordination in monitoring and
data collection let alone continuity and integrated analysis of historical records.
Currently ocean monitoring is fragmented with observations often taken by ships at
sea or old lighthouses; while there is satellite data, they are not comprehensive and
large expanses of the ocean remain unobserved, by ship or satellite, for substantial
periods of time.

ISOOS is a major shift in the approach to ocean observation. By systematically
collecting data and integrating hundreds of thousands of measurements from the
world’s oceans in conjunction with mathematical models, a more sophisticated
understanding of ocean-related systems becomes possible. This will improve short-
term weather forecasts, seasonal weather forecasts, marine forecasts, ocean statistics,
and basic research, thereby producing benefits for people and businesses through-
out the US economy.

Rationale for Federal Support of 1ISO0S

Because ISOOS data will provide benefits across a wide and diverse group of
users, ISOOS will create network externalities—the value of the system will be
much greater than the sum of the values of the individual parts. However, the direct
incentive for any concern (individual or business) to pay for the system is limited to
the value of the part of the system that directly benefits that concern. Acting inde-
pendently, all concerns would therefore under-invest in the development of the
system. Moreover, the transaction costs involved in negotiating private cooperative
agreements to realize the network externalities of ISOOS are formidable.

The economic benefits of ISOOS will come from the information that is ulti-
mately derived from the systematic collection and analysis of ISOOS data. Informa-



tion often has the characteristics of a public good. Once produced, information is
almost costless to distribute and the total benefits of the information are greatest if
the information is made available to any concern that might benefit from it. Also,
some information produced by ISOOS may improve public policy decisions that
affect everyone in the country (or the world). These benefits simply cannot be
limited to those who have paid a share of the costs of the system. In this kind of
application, the information from ISOOS is a pure public good.

These network externalities and public good characteristics of ISOOS argue for
Federal support in order to achieve the full benefits of this system. But the fact that
there is a compelling case for public involvement does not mean that any invest-
ment should be made. The investment should be made only if the benefits of the
system can be reasonably expected to exceed its costs.

Economic Benefits of ISO0S

The soundness of a Federal investment in ISOOS will depend on its expected
costs and benefits. Current Federal support of ocean research is about $600 million a
year, some portion of which supports activities likely to become part of ISOOS.
Additional costs of implementing ISOOS are expected to grow from about $30
million to $100 million annually. These costs will become better defined as ISOOS
requirements are defined in more detail. According to preparatory documents for
the 1992 Rio Conference, the project annual operating cost of a fully implemented
Global Ocean Observing System, of which ISOOS will be a part, will be approxi-
mately $2 billion.

Estimating comprehensive economic benefits from ISOOS is hindered by the
lack of direct estimates of the value of ISOOS data for projected applications. How-
ever, a review of estimates of economic benefits derived from existing ocean data
collection indicates large benefits. Because the scale of benefits now derived from
ocean data is large relative to the primary costs of ISOOS, this evidence supports a
conclusion that the economic benefits of ISOOS will comfortably exceed its costs.

This report reviews the full range of benefits expected from ISOOS. It also high-
lights certain benefits derived in seasonal forecasts for agriculture and hydroelectric
generation, and in the use of ocean data in coastal management. Seasonal forecasts are
one area where good estimates of the value of information exist, while coastal man-
agement problems have a tangible impact on the daily lives of millions of Americans
who either live near the coast or visit the coast for recreational activities.



In agriculture, many decisions could be improved with a reliable seasonal
weather forecast. One recent study found that by incorporating El Nifio Southern
Oscillation (ENSO) forecasts into planting decisions, farmers in the United States
could increase agricultural output and produce benefits to the U.S. economy of
$300-400 million per year. Another study estimated that the value to society of
ENSO forecasts on corn storage decisions in certain years may be as high as $300
million—or one to two percent of the value of U.S. agricultural production. A third
study on the costs and benefits of ENSO forecasts concluded that for agricultural
benefits alone, the real internal rate of return for Federal investments in ocean
observation for ENSO prediction is between 13 and 26 percent. This range is well in
excess of the Office of Management and Budget’s (1992) recommended hurdle rate
of seven percent.

While precipitation and temperature depend on the ENSO phase, they also
depend on two other less-understood phenomena—the North Atlantic Oscillation,
and the Pacific Decadal Oscillation. ISOOS would help improve understanding of
these two phenomena; if this led to better predictive capabilities, substantial im-
provements in seasonal forecasts would follow. This is an instance of direct evidence
(in contrast to inferred evidence) that the incremental benefits of ISOOS would be
substantial, and presumably of the same order of magnitude as those of the ENSO
forecasts.

Because hydroelectric power generation is significantly affected by seasonal
precipitation that differs across ENSO phases, an ENSO forecast should have signifi-
cant value in managing water use for electricity production. Moreover, the benefits
of seasonal forecasts for hydroelectric production, like those for agriculture, will
increase if the North Atlantic Oscillation and the Pacific Decadal Oscillation can be
forecast reliably.

Protective management of the U.S. coastal zones requires accurate information
about contaminant flows in order to develop policy regarding wastewater treatment
and disposal, trash disposal, airborne pollution control, beach closures, and public
health restrictions on seafood consumption. For example, a new outfall pipe for
treated sewage from the metropolitan Boston area is designed to shift waste inputs
from Boston Harbor to Massachusetts Bay. However, the prospect of nutrient load-
ing in the Bay has raised concerns about possible effects on marine life and environ-
mental conditions along the heavily used beaches of Cape Cod Bay. To address these
concerns, extensive ocean monitoring is necessary to characterize marine environ-
mental conditions in Massachusetts Bay and Cape Cod Bay prior to and after the
utilization of the new outfall. ISOOS would provide this kind of monitoring capabil-



ity and help to predict or assess the consequences of alternative waste disposal
decisions.

Coastal management also includes the protection of beaches and public safety
in beach use. Millions of Americans use coastal beaches throughout the year as a
major source of recreation, and thousands of jobs in almost every coastal state
depend on access to safe, clean beaches. Numbers of threats to these beaches are
directly connected to the movement of ocean waters. In California and much of the
east, combined sewer overflows can temporarily close beaches when high levels of
untreated sewage are pumped into the sea following storms. Oil spills are another
threat that can damage beaches for months or years. In each of these cases, a thor-
ough understanding of nearshore ocean circulation, which is in turn influenced by
larger ocean patterns, is essential to knowing when and where the pollutants will
go, and for how long they will degrade beaches. In the case of oil spills, deployment
of clean up equipment and strategies depends heavily on oceanographic models
that in turn rely on the kind of ocean circulation data that does not exist but that
ISOOS will provide. While ocean data cannot eliminate beach closures or prevent oil
spills, reliable data, analysis and interpretation can help reduce unnecessary precau-
tionary beach closures, reduce the duration of closures, and minimize the potential
damages from oil spills. Though direct estimates of the value of ocean data are not
available, there is good reason to believe that this value is significant.

Beyond seasonal forecasts and coastal management, there is strong evidence that
the information from ISOOS will produce significant economic benefits for a wide
range of additional activities. They include the prevention of damage and deaths from
storms, the ensuring of safety in design of offshore oil platforms, the facilitating of
Naval operations, and the monitoring and understanding the processes of global
climate change. Important values are at stake in most of these activities. The contribu-
tion to the U.S. economy of industries and other activities that have been identified as
likely beneficiaries of ISOOS products is on the order of one trillion dollars. Given the
scale and range of the affected economic activities, it is reasonable to conclude that the
benefits of ISOOS will significantly exceed its costs.



The Integrated Sustained Ocean Observing
System

Overview

The National Oceanographic Partnership Program (NOPP 1999) has formu-
lated a plan for an Integrated, Sustained Ocean Observing System (ISOOS). ISOOS
is to be a national ocean information system similar to the existing national weather
information system.

While numerous U.S. research organizations, government agencies, and com-
mercial interests collect ocean data, most of this data collection is carried out to
satisfy the narrow requirements of a particular research program or management
decision. A national strategy does not exist for sustained collection of long time
series data and comprehensive management of these data to ensure their long-term
usefulness.

The data that ISOOS makes available

ISOOS will integrate “disparate observational
systems and data sets to maximize their utility for many
users and purposes” (NOPP 1999), and will move U.S.
ocean observation from what is now largely an ad hoc

will serve three key activities--modeling
and forecasting of climate, weather, and
ocean conditions, monitoring and

approach to a coordinated, sustained activity. This means CUrrent conditions reports, and basic

that ISOOS will ensure that existing and new ocean research.

observation efforts are integrated by centralizing the data

management function. Its implementation will require investments in infrastructure
(networks and data management systems) and ongoing support for new and exist-
ing observation systems in the open and coastal ocean. The Appendix provides a
detailed listing of the elements of the NOPP’s plan for ISOOS.

The data that ISOOS makes available will serve three key activities:

* Modeling and forecasting of climate, weather, and ocean conditions: This
includes short term land weather forecasts, marine weather forecasts, and long
term (seasonal to interannual) forecasts such as those now made of the El Nifio
Southern Oscillation (ENSO). Models vary in scale from global to local.

* Monitoring and current conditions reports: This includes local water quality
measurements, monitoring of ecosystems health, and reports on water levels,



currents, and waves (“nowcasts”). It also includes global environmental moni-
toring related to climate change and the behavior of major ocean systems such
as the Gulf Stream.

* Basic research: Research in the fields of oceanography, meteorology, and
climatology will make use of ISOOS data, improving our understanding of the
oceans’ role in the world’s ecosystems. Improved historical ocean statistics will
be of particular importance.

ISOOS will serve the development of new and improved models for weather
prediction, more complete and useful reports on marine conditions, and more rapid
advances in ocean related research. These improvements will provide economic
benefits to a wide range of users of information derived from ocean data, and they
will help achieve the overarching goals of the ISOOS system, which are to help:

¢ detect and forecast oceanic components of climate variability,
e facilitate safe and efficient marine operations,

* ensure national security,

* manage living resources for sustainable use,

* preserve health and restore degraded marine ecosystems,

* mitigate natural hazards, and

¢ ensure public health.

The Costs and Benefits of ISO0S

ISOOS is the U.S. contribution to the Global Ocean Observing System (GOOS).
Preparatory documents for the 1992 Rio Conference suggested that the annual
operating cost of a fully implemented Global Ocean Observing System would be
around $2 billion. $1.3 billion of this represents the cost of eight oceanographic
satellites. Of the remaining $700 million, more than 60 percent is required for open
ocean monitoring (outside nations” exclusive economic zones, or EEZs), while the
balance would fund monitoring within EEZs. The annual operating costs of World
Weather Watch are also about $2 billion.

The cost of ISOOS is estimated to be roughly one third of the GOOS total. The
Federal government currently spends about $600 million per year for ocean re-
search. Some portion of this funding already supports activities that likely will
become parts of ISOOS. The estimated additional cost of implementing ISOOS is
expected to grow from $30 million to a “steady state” of about $100 million per year
(NOPP/ORAP 1999). These costs will become better defined as ISOOS requirements
are defined in more detail.



Other countries have participated in GOOS planning and have committed
substantial resources to its implementation. For example, Japan has committed $10
million in FY2000 for its portion of a global network of profiling floats.

The immediate product of ISOOS will be ocean observations—data on the
physical, chemical, and biological characteristics of marine waters and the ocean/
atmosphere interface. These data will be an input to a wide range of monitoring,
modeling, and research activities. Economic benefits will derive from the output of
these activities—in applications such as marine conditions reports and weather and
climate forecasts, and improved understanding of ocean phenomena.

Figure 1 illustrates these linkages from data to applications and indicates the
costs and benefits relevant to an economic assessment of ISOOS. The columns in
this diagram represent the existing ocean data systems and the improved systems
expected with ISOOS. The first row of the diagram represents the availability of raw
ocean observational data for the two systems. The second row represents products,
such as seasonal weather forecasts, that are supported by ocean data. The third row
represents applications of these products, such as using a seasonal weather forecasts
to make crop choices in agriculture.

Mew
Existing Integrated
Systems Global Ocean
Cont Obsecving System
{30 re 100 miliiamiyear)
Data iz e —_— R SRR DR MR T D _

‘\f \/ _ \/\\’/’\. !

72
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Figure 1: U.S. ocean observation today and with ISOOS.

As the diagram suggests, ISOOS will generate new data not now available, and
this in turn will lead to new products, and perhaps to better support for existing
products. These new and/or enhanced existing products will find applications, both
new and existing. The benefit of ISOOS is an incremental benefit of moving from the



applications in column one to those in column two. The costs of ISOOS are esti-
mated to be $30 million rising to $100 million per year to move from existing ocean
data to the expanded and improved ocean data
expected with ISOOS.! These costs are indicated by
arrows in the diagram, as are the incremental

ISOOS will improve existing

applications of ocean data and make benefits of ISOOS,

possible new applications to create

informational values that could not be The U.S. has already made significant invest-
realized without integmted and ments in parts of an ocean observing system, so the

question is whether the incremental investment
requested now will be worth the increment of
benefits to be gained. The economic principle of
diminishing marginal returns raises the possibility that the increment to be gained
would not be as great as the cost. However, in the case of ISOOS, this does not seem
likely in the foreseeable future.

sustained ocean observations.

The reason is that ISOOS is more appropriately thought of as a new informa-
tion system rather than as a marginal improvement in an existing system. The
current ocean observation system exists in scattered pieces. Observations are often
taken from “platforms of convenience” which may be ships at sea or old light-
houses. The former provide observations that are not sustained, while the latter take
place at locations that may or may not be important from an oceanographic perspec-
tive. Data from many sources are rarely brought together. And large expanses of the
ocean remain unobserved for substantial periods of time.

In contrast, ISOOS would organize ocean data collection to ensure broad and
sustained data collection and distribution. This will improve existing applications of
ocean data and make possible new applications to create informational values that
could not be realized without integrated and sustained ocean observations.

'There are additional private and public costs associated with moving from ISOOS
data to products and economic benefits. These include the additional (unknown) costs of
creating new or improving existing products with the data expected from ISOOS, and the
additional unknown, but largely private, adoption costs of applying these new products to
produce benefits.



Though it is common to assume that better information must have economic
value,” such information must affect economic wealth, income, or well-being. More-
over, in most cases it must also be true that people can use the information to make
better decisions that increase wealth, income, or well-being.?

Procedurally, quantifying the value for information requires two numbers. First
is the expected benefit or cost that results without the information, and second is the
expected benefit or cost that results with the information. The difference between
these two numbers represents the expected value of the information. For each case
(information present or information absent), expected benefits or costs are calcu-
lated assuming that the actions taken are the optimal actions to take, given the
unknowns that exist for that particular case.

A procedure like that described above underlies the quantitative value of
information estimates that are presented later in this document. In many instances,
however, we cannot present quantitative estimates of information value because
such estimates have not been made. In these cases, we present qualitative evidence
regarding the magnitude of informational value. Qualitatively, information value is
expected to be high when the information would be used in an activity of significant
scale or importance and where there are identifiable actions that could be taken in
response to information and that would significantly improve income, wealth, or
well-being.*

Better information should never be a bad thing, since information can always be
ignored. However, there is a possible exception to this—the “ignorance is bliss” exception.
For example, if you could learn the exact date of your death, but you could do nothing to
change it, your enjoyment of what remains of your life might be diminished by knowledge
of your date of death.

*In some special situations, information may have value even though no actions are
taken. For example, no actions would be taken as a result of obtaining a more precise
estimate of the age of the universe, but nevertheless this information might have value to
people simply because it is interesting.

*Many ISOOS products result in economic benefits in important so-called "non-market"
activities such as coastal recreation or ecosystem protection. Because these activities do not
generate directly observable prices and quantities, economists employ indirect and direct
techniques, such as travel-cost models, to measure people's willingness-to-pay for
improvements in these activities resulting from better forecasts. This makes it possible to
value improved forecasts for both market and non-market activities. See Braden and Kolstad
(1991).



Ideally, we would estimate all the
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Once operational, ISOOS will provide data to oceanographers, meteorologists,
climatologists, and other scientists working on the oceans and atmosphere to create a
variety of improved information. Some of these results will be
in the public scientific domain, but if the experience over the
past three decades with weather data is a guide, much will
also be generated and sold in private markets. Once the costs

incremental benefits of ISOOS, as of the basic data collection and storage are covered, the private
well as all of the incremental costs of  sector will find ways to add value to the data to provide
ISOOS, and calculate a benefit/cost custom products and services that can be priced and sold. This
ratio or a net beneﬁts number. This will result in the creation of new firms, new employment, and
report presents what is known or perhaps new industries built around using, enhancing and

. selling information derived from ISOOS.
might reasonably be presumed about
the benef its that are now derived ﬁ’ om How many new firms and jobs, and their location,
the kinds of data that ISOOS will cannot be predicted at this time. But it is likely that most of
proz)ide, the jobs will cluster around major research institutions

involved in the study of ocean, atmosphere, and hydrology.

Much of this activity will take place in coastal states, but
centers for the study of these fields are located throughout the United States, and
thus the new firms and jobs can be expected throughout the country.

Ideally, we would estimate all the incremental benefits of ISOOS, as well as all of the
incremental costs of ISOOS, and calculate a benefit/cost ratio or a net benefits number (see
Brown [1999]). However, making these kinds of estimates is well beyond the scope of this
Report. Costs of an emerging ISOOS are not well defined and economists have just begun
to quantify the economic benefits of ISOOS-related products. What this report does do is
to present what is known or might reasonably be presumed about the benefits that are
now derived from the kinds of data that ISOOS will provide. While these benefits are
based on existing systems rather than the incremental benefits expected from ISOOS, they
indicate the scale of benefits now derived from ocean data and suggest the possible
magnitude of the incremental benefits that might be derived from expanded, more com-
plete, or more accessible ocean data that ISOOS would provide.

The following section examines the rationale for public funding of ISOOS.
Highlighted Benefits from ISOOS Data presents a couple of particularly clear examples
of benefits that might be anticipated from ISOOS, while Additional Benefits from
Ocean Data discusses a wide range of additional benefits that may be obtained from
ISOOS. Benefits from Basic Research discusses the value of ISOOS’ contribution to
basic research. On-going and Future Research briefly notes present research related to
ISOOS, and the last section provides a short conclusion.
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Economic Considerations in Valuing 1ISO0S

Network Externalities and Public Goods

The proposition that ISOOS is likely to be a worthwhile economic investment is
based in part on three key features that determine its value: ISOOS will be inte-
grated, sustained, and comprehensive (or “global,” in the context of GOOS). A
system of ocean observations that has these three characteristics will have value
many times that of one that lacks any of these features.

To understand why; it is only necessary to consider
such a system that already exists and which the U.S. ISOOS will be integrated, sustained,

;governrr:nt eready supgortlsl: atmospheric gbservations and comprehensive. A system Of ocean
or weather. Anyone with a thermometer, a barometer, observations that has these three

and a wind gauge can take the measurements needed to s .
characteristics will have value many

know what is happening in the weather at that particular
spot. But if everyone who took these measurements times that Of one that lacks any Of these

simply watched their own instruments, the amount of features.

weather information available to society would be very

limited. If the thousands of individual observations are brought together (inte-
grated), a complete picture of the weather systems is possible. Weather maps can be
made. If a database of historical observations can be maintained (sustained), it is
possible to develop statistical models of the atmosphere from which weather fore-
casts can be made. Since the atmosphere moves in large scale around the world
(global), only a complete set of observations around the world can provide a com-
plete picture and reliable forecasts.

Thus the value of an integrated, sustained, and global ocean observation
system will derive from its ability to bring together currently scattered observations,
to create a data base from which historical trends can be measured and forecasts
developed, and to extend the reach of observations to all corners of the ocean where
important changes may occur. As with the weather, once such a system is created
the value will be much greater than the sum of the individual observations, which is
to say, ISOOS creates network externalities.

But the existence of network externalities creates a paradox. While the value of
the system is many times that of the value of its parts, there is no real incentive for
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any one individual (or company) to pay for the creation of the system. This is
because it is difficult for any one individual to obtain compensation for the external

But the existence of network
externalities creates a paradox. While
the value of the system is many times
that of the value of its parts, there is
no real incentive for any one
individual (or company) to pay for the
creation of the system.

benefits that would result from creating the system.

The collection of ocean observation data on the scale
necessary for a functioning ISOOS will benefit so many
different users that it will be nearly impossible to figure out
what any one should be willing to pay as their share of the
costs. Moreover, once the system is in place, there will be a
strong incentive for any individual user not to pay his or
her share of the costs but to “free ride” on the fact that the
system already exists. Of course if everyone followed this
logic, the system could not exist if individual contributions
were relied on as the exclusive means of paying for data

collection. If an arbitrary price for the data is enforced, some potential users will not
be willing to pay this price, and the benefits they would derive from the data will
not be realized, even when such benefits would exceed the minimal costs of distrib-

uting the data.

The economic benefits of ISOOS will come from the information that is ulti-
mately derived from ISOOS observations. Information has some of the characteris-
tics of a public good. Once produced, information is almost costless to distribute
and the total benefits of the information are greatest if the information is made
available to anyone who might benefit from it.

In addition, some of the potential benefits from ISOOS information are likely to

In addition, some of the potential
benefits from ISOOS information are
likely to be derived from its use in
determining government policy that
affects virtually everyone in the
United States

be derived from its use in determining government policy
that affects virtually everyone in the United States (and
people outside the US, as well). For example, some infor-
mation obtained from ISOOS could influence policy deci-
sions with respect to assessing worldwide emissions of
carbon dioxide. In such policy applications, ISOOS infor-
mation is close to a pure public good like national defense.

Uncertainty and Transactions Costs

In addition to these “public good” characteristics, ISOOS presents another
economic challenge that makes it particularly appropriate for the government to pay
the costs (assuming as we discuss below that anticipated benefits will likely exceed
anticipated costs). Many goods and services have some of the characteristics of a
public good, and are provided by both the public and private sectors. There are, for
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example, both public and private roads. But in these cases, a great deal of informa-
tion is known about how the good or service will be used and who will use it.
ISOOS, on the other hand, is like investing in a road whose links to other roads are
unknown at the time of the investment and whose major payback will only come
when all roads are linked to every other road. In such cases, investment returns are
both uncertain and dependent on others” actions; this makes it difficult to privately
negotiate a solution that produces a road system generating anything close to the
maximum possible net benefit.

To illustrate this in an ocean context, consider the problem facing an oil com-
pany which has a one billion dollar oil platform to be placed in the Gulf of Mexico.
Placement of the platform must be done precisely and must take place when there is
a certainty of an extended period of calm weather and water. The oil company
would be willing to place ocean current monitors in the Gulf of Mexico to be sure
they understood the oceanographic conditions in which they will operate.

But they also need to have accurate weather information over an extended
period of time, and long-term weather forecasts for the Gulf depend in part on
changes in the ocean temperature in the Pacific Ocean. Again, the oil company
might be willing to fund ocean observation stations in the Pacific, but where? In
order to be assured that all of the complex interactions of the ocean and atmosphere
in the Pacific that will influence the extended weather of the Gulf of Mexico are
captured in order to provide a reliable enough forecast, the oil company would have
to pay for an ocean observation system that was many times the size (in both geo-
graphic extent and time) that it actually needed. Moreover, even if they were willing
to make that investment, once they had placed their platform, they would probably
dismantle the entire system, since they could not continue the system profitably.
Here the value of the information to be gained from investing in the Pacific ocean
observation system, however large the private investment at stake, cannot be deter-
mined without making the investment itself, since we do not have a complete
enough understanding of the ocean to know where to put the monitors.

The uncertainty surrounding the value of the individual parts of ISOOS makes
it difficult for individuals to negotiate a collective solution that would maximize the
overall benefits derived. As a result, individuals would only invest in those parts
that are of direct benefit to them, and the overall system benefits would not be
realized. Worse still, the benefits that might motivate an individual to fund some
data collection may be transitory, with the result that the observations generated by
private investments alone will not be sustained.
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Together, these characteristics of a public good, network externalities, and the
uncertainty of the value of the individual parts present a strong case that the gov-
ernment must fund the collection and analysis of the data in order to achieve the
tull benefits of an integrated, sustained, and global ocean observation system. But

the fact that there is a compelling case for public involve-

Together, these characteristics of a ment does not mean that any investment should be made.
public good—network externalities, Only if the investment in the system can be reasonably

and the uncertainty of the value of the
individual parts—present a strong

expected to be economically sound should it be made. That
is the question to which we now turn.

case that the government must fund  goundness of the 1S00S Investment

the collection and analysis of the data.

Without adequate incentives for the private sector to
make this large an investment in ISOQOS, it is left to the
government to decide whether to make the investment. That decision rests on a
determination that all of the various individual benefits from such a system will
cumulatively outweigh the costs.” Unfortunately, the very characteristics that make
it necessary for the government to make the investment also make it difficult to
know what the precise economic value of such a system is in order to make this
comparison (see Brown [1999] for a discussion of approaches to valuing oceano-
graphic activities). It would clearly be desirable to have such information at hand
when making the decision, but that is not possible in the time frame available.

Fortunately, it is also not necessary to know the value of the economic benefits
to the last dollar before making a decision. Even without precise information, much
can be said about the likely magnitude of the economic benefits of such a system at
this stage, and what is known is enough to persuade us that the investment in
ISOOS, though large, is also sound. There are five reasons why this is so.

¢ ISOOQS represents a major conceptual shift in moving from scattered, partial
ocean observing efforts to an integrated, sustained, global observing system;
ISOOS is qualitatively different from what now exists.

A comparison of total benefits and total costs ignores issues concerning the
distribution of benefits and costs. Some segments of the US economy might be worse off as a
result of implementing ISOOS. However, it is not reasonable to insist that every policy be
designed so that anyone harmed by that policy is compensated for the harm. Rather, policies
are judged on the basis of total benefits compared to total costs, and other policy
instruments (notably the tax system) are used to make compensating adjustments in the
overall distribution of income within the country.
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¢ There are potential economic development effects to the U.S. economy and to
regions within the U.S. which will add modestly to the overall economic
benefits but which could benefit parts of the U.S. with new jobs and industries.

¢ Studies of the economic benefits from recent, though limited, expansions in
ocean observation have shown returns well in

excess of costs. ) o )
Even without precise information, much

¢ There is a long list of potential beneficiaries beyond  can be said about the lzkely mggnitude of
those already studied from such a system whose the economic benefits Of such a system,
individual benefits cannot yet be measured but and what is known is enou gh to

hich latively will be substantial. . .
wiieh cumiiatively witl be substantia persuade us that the investment in

e It has been shown repeatedly that investments in ISOOS, though large, is also sound.
basic research of the kind facilitated by ISOOS are
repaid many times over in resulting economic growth.

The first two points were made above in The Costs and Benefits of ISOOS; the
last three are discussed in detail in the following three sections of this document.
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Highlighted Benefits from ISO0S Data

The ocean data that ISOOS is to deliver will find applications across a large
number of economic activities. The section Additional Benefits from Ocean Data fol-
lowing discusses a wide range of these applications and what we know about
economic benefits of improved information for these activities. In the present sec-
tion, we choose to focus on just two applications of ocean data—the use of ocean
data in seasonal forecasts for agriculture and hydroelectric generation, and the use
of ocean data in coastal management. We focus on seasonal forecasts because they
have value in a wide range of economic sectors and because this is the one area
where at least a few good economy-wide estimates of the value of information have
been produced. We focus on coastal management because coastal management
problems have a very tangible impact on the daily lives of millions of Americans
who either live near the coast or visit the coast for recreational activities.

Economic Benefits from Seasonal forecasts

Ocean data have played a key role in the recent success of seasonal weather
forecasting based on the El Nifio Southern Oscillation (ENSO) phenomenon. Present
ENSO forecasts already generate considerable value in economic activities such as
agriculture (see section below). Data from ISOOS should improve on this success by
giving weather forecasters the ability to predict the North Atlantic Oscillation
(NAO) and the Pacific Decadal Oscillation. Like ENSO, these phenomena affect
weather in important ways (see Figure 3 below). Unlike ENSO, these effects are not
yet fully understood. ISOOS will help fill these knowledge gaps and thereby enable
us to improve seasonal weather forecasts and their value to a wide range of eco-
nomic activities. Nicholls (1996) discusses such values for sectors diverse as energy,
manufacturing, water supply, retailing, and transportation. All these sectors have
the flexibility to respond to improved climate forecasts. Agriculture and hydroelec-
tric generation are two particularly important climate sensitive sectors.

Agriculture

Many agriculture decisions will be improved with more reliable weather
forecasts. Different crops have different water requirements, temperature sensitivi-
ties, and growing seasons. Thus, crop choice is a key decision that is sensitive to a
weather forecast. In addition, for any given crop, there may be decisions about the
timing of planting and harvesting and methods of fertilization and pest control that
might be improved with a better weather forecast.
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Since the 1940s, scientists have been interested in the socioeconomic use and
value of weather and climate forecasts (see GCOS 1995; Mjelde, Hill, and Grifiths
1998). Current forecasts are actively sought by the public,

and previous studies show that the adoption and use of

Incorporating NOA A’s ENSO weather/climate forecasts will increase society’s overall

forecasts into planting decisions,
farmers in the United States could

welfare. The majority of these studies have examined the
decision-maker level, (e.g., the farm level in specific re-
gions) and show increases in net benefits. For instance,

increase ag ricyltural outp ut and costs could be reduced by nearly $500,000 per year if 50
PVOduCE beTlEfltS to the U.S. economy  percent of cotton farmers in Missouri used agroclimate data
Of up to $300 million per year Of the to eliminate replanting. In Nebraska and Canada, climate

forecast.

information could reduce the need for irrigation enough to
save $100,000 per season (Nicholls 1996).

Recent studies have focused on the value of climate forecasts across entire
industries such as agriculture (see column five of table two). One (Solow et al. 1998)
found that by incorporating NOAA’s ENSO forecasts into planting decisions, farm-
ers in the United States could increase agricultural output and produce benefits to
the U.S. economy of up to $300 million per year, depending on the accuracy of the
forecast. Another study, which factors in uncertainty about ENSO phase strength,
grain storage, and effects in the rest of the world raises this value to $400 million
(Chen and McCarl 2000). At the next stage of the production/consumption process,
McNew (1999) has estimated that the value to society of ENSO forecasts on corn
storage decisions in certain years may be as high as $300 million. Since these latter
two estimates may involve some double counting, they may be thought of as an
upper bound estimate of the annual value of ENSO forecasts—one or two percent of

the value of agriculture production in the United States.

ENSO has a clear eﬁ‘ect on U.S. Sassone and Weiher (1999) analyzed the Federal
weather, but other oscillations also costs of developing and operating the TOGA ocean

play a role.

observing system that has led to improved ENSO fore-

casts, and compared them to the economy-wide benefits
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